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DETERMINATION  OF  ASPIRATED  AEROSOL  SAMPLER  EFFICIENCIES 
USING  LASER  REFERENCE  TECHNIQUES 


I.  INTRODUCTION. 

Aerosol  sampling  is  usually  considered  to  be  a  very  complicated  problem*  in  aerosol 
physics.  Often  it  is  desired  to  determine  the  efficiency,  as  a  function  of  particle  diameter  D^ 
[micrometers  (pm)],  with  which  aerosol  particles  of  various  kinds  are  drawn  into  an  aspirated 
sampling  tube  or  head  or  into  the  human  respiratory  system.  The  principal  experimental  dif¬ 
ficulty  is  one  of  establishing  and  maintaining  a  test  aerosol  of  known  characteristics  including 
composition,  mass  or  number  concentration,  and  particle-size  distribution.  The  aerosol  sampler 
is  placed  in  the  test  aerosol  and  is  operated  at  a  known  flow  rate  for  a  known  period  of  time 
after  which  a  determination  is  made,  usually  by  weighing  a  filter  paper  in  the  sampler,  of  the 
mass  of  collected  aerosol.  This  is  ratioed  to  the  particle  mass  contained  in  the  sampled  volume 
of  the  test  aerosol  to  determine  the  sampler  efficiency. 

The  problem  of  maintaining  the  test  aerosol  is  not  a  trivial  one.  It  must  be  sampled 
periodically  to  determine  if  (and  how)  it  is  changing  with  time  as,  for  example,  particles  settle 
or  agglomerate.  This  sampling  disturbs  and  draws  material  from  the  test  aerosol,  and  the  subse¬ 
quent  analyses  usually  require  at  least  several  minutes  to  complete,  during  which  the  character¬ 
istics  of  the  test  aerosol  may  continue  to  change. 

This  paper  describes  a  technique  by  which  the  test  aerosol  mass  concentration  is 
continuously  sampled  by  a  laser  beam.  This  requires  that  the  optical  constants,  particle-size 
distribution,  and  other  properties  of  the  aerosol  particles  be  known.  The  test  aerosol  materials 
discussed  in  this  paper  are  liquids  which  are  generated  as  spherical  droplets,  for  which  accurate 
(±10%)  optical  calculations  can  be  made  using  the  Mie  theory .2  For  approximation  purposes  in 
optical  calculations,  it  is  often  useful  to  treat  an  aerosol  as  if  it  consisted  entirely  of  monodisperse 
particles  of  some  equivalent  diameter.3  But  a  better  approach  is  to  generate  monodisperse  drop¬ 
let  aerosols  directly,  as  was  done  in  the  work  reported  here. 

II.  THEORY. 


In  the  geometric  optical 
wavelength,  X  (pm),  of  observation: 
ward  to  show4  that: 


scattering  regime,  particle  diameters  are  much  larger  than  the 
that  is,  D^  »  X.  Under  these  conditions,  it  is  straightfor- 


°X 


2  D pp 


(1) 


where  a  (m2/gm)  is  the  mass  extinction  coefficient  of  the  spherical  particles,  p  (gm/cm3)  is  the 
particle  density,  and  (Q>x  is  the  cross-section  efficiency  factor  which  is  very  nearly  constant  and 
equal  to  2.0  for  the  liquid  aerosol  droplets  discussed  in  this  paper,3  so  that: 


aX 
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(2) 


The  mass  extinction  coefficient  is  used  in  the  Beer-Lambert  law: 


fin  (1/TX)  =  ax  C  L, 


(3) 
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where  T*  is  the  optical  transmittance  at  the  laser  wavelength,  X;C  (gm/m3)  is  the  aerosol  mass  con¬ 
centration;  and  L  is  the  optical  pathlength  (in  meters)  which  is  uniformly  filled  by  the  aerosol. 
C,  the  quantity  sought  for  a  test  aerosol,  is  then: 


C  -  -J-fin(l/Tx)*  ^lP£n  (1/TX) 
axL  3L 


(4) 


Several  liquids,  used  to  generate  test  aerosols  in  work  described  in  this  paper,  are  shown 
in  table  1.  Mie  calculations  were  performed  for  the  He:Ne  laser  (X  =  0.63  pr n)  (figure  l),and.  it  was 
confirmed  that  the  approximation  of  equation  2  is  quite  precise;  i.e.,  that  the  functional  dependence 
of  aQ  6y  the  extinction  coefficient,  upon  D^  is  very  similar  for  all  aerosol  materials  considered, 
with  only  liquid  densities,  p,  having  a  predictable  effect.  The  laser  wavelength  (0.63  pm)  lies  very 
close  to  the  sodium  “D”  line  (0.589  pm),  and  the  materials  listed  in  table  1  are  transparent  and 
colorless  in  the  visible  wavelengths  (i.e.,  they  have  a  real  refractive  index,  n,  but  a  negligible  absorp¬ 
tion  coefficient  or  j  imaginary  index,  k).  Thus,  it  was  very  convenient  to  obtain  the  real  indices  of 
these  materials  using  a  standard  laboratory  refractometer  at  the  sodium  D  line  and  to  use  them  in 
Mie  calculations  for  the  0.63-prm  wavelength.  The  error  introduced  by  doing  this  is  very  small,  as 
indicated  by  figure  2  which  compare!  the  ax  versus  functions  for  dimethyl  phthalate  (DMP) 
calculated  at  X  *  0.589  pm  and  X  =  0.63  pm. 


Table  1.  Refractive  Indices  of  Liquid  Simulants 


Symbol 

Substance 

\  Density, 

P 

Temperature 

Real  index,* 
nD 

gm/cm 3 

°C 

DMP 

o-Dimethyl  phthalate 

1.192 

20.8 

1.5155 

DEP 

o-Diethyl  phthalate 

1.12 

17.7 

1.5029 

DBP 

n-Dibutyl  phthalate! 

1.045 

25.0 

1.4925 

DOP 

Dioctyl  phthalate 

0.98 

20.0 

1.4550 

*  The  sodium  “D”  line  is  at  the  O.S89-pm  wavelength,  and  the  real  index  at  the  He:Ne  laser  wavelength  of 
0.63  pm  is  nearly  identical  to  this  value  for  transparent,  colorless  liquids. 


After  preliminary  testing,  it  was  found  convenient  to  use  the  simulant  DOP  (figure  3) 
in  most  subsequent  work.  Since  p  *  0.98  gm/cm3  for  DOP,  the  approximation  equations  2  and  4 
can  be  still  further  simplified: 

f001*)  «0.63^3/Dm  (5) 


(DOP) 


C»— 1 K.*n(l/To.63) 


(6) 


SAMPLES:  DMP,  DOP,  DBP,  DEP  X  =  0.63  nm 


DIAMETER,  *im 

Values  of  Oq  63  versus  Calculated  from  the  Mie  Theory  for  o-Dimethyl 
Phthalate  (DMP),  Dioctyl  Phthalate  (DOP),  n-Dibutyl  Phthalate  (DBP),  and 
o-Diethyl  Phthalate  (DEP) 


0.589  /urn  (dashed),  0.63 /um  (solid) 


DIAMETER,  pm 

Values  of  ax  versus  Calculated  from  the  Mie  Theory  for  Dimethyl  Phthalate 
(DMP),  Using  the  Sodium  “D”  Line  Refractive  Index 


It  can  be  seen  from  figure  3  that  the  approximation  of  equation  S  is  quite  precise  in 
the  geometric  regime  (D^  »  X). 


DOP  X  =  0.63  /im 


DIAMETER,  /an 

Figure  3.  Values  of  aQ  63  versus  Calculated  from  the  Mie  Theory 
for  Dioctyl  Phthalate  (DOP) 

III.  EXPERIMENTAL  PROCEDURE. 

A  1-m3  test  chamber  was  constructed  and  used  as  shown  schematically  in  figure  4. 

The  He:Ne  laser  was  optically  aligned  through  pinholes  in  opposite  chamber  walls.  The  pinholes 
were  utilized  to  prevent  window  effects.  A  pressure-equalization  scheme  between  the  chamber 
interior  and  room  air  prevented  aerosol  particles  from  flowing  in  either  direction  through  the  pin¬ 
holes  during  testing.  Although  figure  4  shows  an  aerosol  cloud  coming  from  the  generator,  the 
chamber  was  stirred  during  testing  to  insure  uniform  mixing.  This  was  important  because  the  laser 
pathlength,  L,  of  the  laser  beam  in  the  test  chamber  (which  was  about  1  m  long)  must  be  uniformly 
filled  with  the  test  aerosol  during  measurements. 
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AEROSOL  PARTICLE  SIZING  OY  LASER 

(AFTER  UNIFORM  MIXING) 


Figure  4.  Schematic  Representation  of  the  Experimental  Setup.  Although  an  aerosol 
cloud  is  shown  coming  from  the  generator  in  the  test  chamber  for  illustrative 
purposes,  the  chamber  was  stirred  to  insure  uniform  aerosol  mixing  during  test¬ 
ing  since  the  laser  beam  must  be  uniformly  filled  with  the  test  aerosol  for  accu¬ 
rate  monitoring. 


The  aerosol  generator,  shown  in  figure  5  in  a  side  compartment  of  the  test  chamber, 
was  of  the  “spinning  disc”  design3  to  produce  essentially  monodisperse  liquid  droplets  of  the  test 
aerosol.  The  droplet  size,  D^,  disseminated  by  the  spinning  disc  generator  is  determined  by  the 
diameter  and  angular  velocity  of  the  disc,  by  the  liquid  flow  rate,  and  to  a  lesser  extent  by  other 
parameters  including  temperature.  Aerosol  droplet  size  was  checked  by  microscopic  examination 
of  samples  deposited  on  glass  slides.  The  generator  shown  in  figure  5  was  easily  capable  of  dis¬ 
seminating  concentrations  of  test  aerosols  in  the  range  C  =  0.1  to  1.0  gm/m3  for  these  tests. 
Other  monodisperse  aerosol  generators  are  available  commercially,  although  some*  do  not  have 
the  aerosol  output  capability  of  the  unit  used  in  these  tests.  Plastic  microspheres**  also  were 
used  in  some  trials,  for  which  the  oq  53  versus  function  was  not  much  different  from  those 
in  figure  1. 


Each  aspirated  sampler  consisted  of  a  filter  holder,  connected  to  a  vacuum  line,  and 
the  inlet  tube  to  be  tested  mounted  in  the  face  of  the  filter  holder.  Samplers  were  aspirated  at 
flow  rates  of  1  liter/min  or  more.  Results  using  similar  samplers  to  monitor  mass  concentrations 
of  smoke  aerosols  have  been  reported  previously.6  Figure  6  shows  the  chamber  in  operation.  The 
He:Ne  laser  beam  can  be  seen  passing  through  the  test  aerosol  (32-pm  DOP  droplets).  An  aspi- 
ra.  -d  sampler  is  mounted  in  a  circular  port  in  the  forward  wall  of  the  chamber.  The  inlet  tube 
being  tested  (cylinder)  can  be  seen  projecting  from  the  filter  holder  toward  the  center  of  the  cham¬ 
ber.  In  later  tests,  however,  the  filter  holders  were  mounted  completely  inside  the  chamber,  with 
the  openings  of  the  inlet  tubes  positioned  perpendicular  to  and  directly  adjacent  to  the  laser  beam. 
This  insured  that  the  laser  beam  and  the  inlet  tubes  intercepted  identical  samples.  A  refinement 
to  this  procedure  involves  using  a  second! laser  beam  perpendicular  to  the  first  and  nearly  intersect¬ 
ing  it,  e.g.,  from  the  top  to  the  bottom  of  the  chamber  in  figure  6,  thus  providing  laser  “cross 
hairs”  which  can  be  positioned  directly  in  front  of  a  sampler  inlet  tube  under  test. 

IV.  RESULTS  AND  DISCUSSION. 

The  purpose  of  this  paper  is  to  describe  a  technique  by  which  the  mass  concentration 
of  a  sized  test  aerosol  can  be  continuously  sampled  by  a  laser  beam  to  improve  experimental  pro¬ 
cedures.  Only  a  brief  discussion  of  typical  test  data  on  aspirated  sampler  effciencies  will  be  given 
here.  Figure  7  presents  some  data  for  DOP  droplets  and  illustrates  the  methodology  discussed  in 
this  paper. 


In  figure  7,  the  solid  and  dashed  curves  labeled  “aspirated  sampler”  are  typical  of  the 
efficiencies  measured  for  filter  holders  without  inlet  tubes  and  for  holders  with  inlet  tubes  (as  in 
figure  6),  respectively.  For  these  aspirated  samplers,  the  sampling  efficiency  drops  to  less  than  10% 
in  the  DOP  droplet  size  range  ^30  <  D^  <  40  pm.  The  He:Ne  laser  can  be  considered  100%  effi¬ 
cient  in  sampling  the  test  aerosol,  since  laser  attenuation  depends  entirely  upon  extinction  by  the 
aerosol  droplets  (eL  =  100%).  Multiple  scattering  of  the  laser  beam  is  not  a  problem,  since  the 
test  aerosol  concentration  is  always  chosen  to  give  high  transmittances  (0.7  to  1 .0),  thus  conserv¬ 
ing  the  aerosol  material.  The  assumption  that  the  actual  mass  concentration  of  the  test  aerosol, 
^actual,  *s  equal  to  that  determined  from  the  laser  using  equation  6,  Cjaser,  is  valid  to  within 


*  The  Berglund-Liu  monodisperse  aerosol  generator  is  marketed  by  Thermo-Systems,  Inc.  (TSI),  P.O.  Box  3394, 
St.  Paul,  Minnesota  55165. 

**  Microspheres  of  glass,  polystyrene,  and  other  materials  are  available  from  Duke  Scientific  Corporation,  445 
Sherman  Avenue,  Palo  Alto,  California  94306. 
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Figure  5.  “Spinning  Disk”  Aerosol  Generator  Used  to  Produce  Essentially  Monodisperse 
Liquid  Droplets  of  the  Test  Aerosol  at  Mass  Concentrations  of  0. 1  to  1.0  gm/nr5 


%  EFFICIENCY  =  100 


DIRECT  DETERMINATION  OF  ASPIRATED  SAMPLER 
EFFICIENCY  USING  LASER  REFERENCE  BEAM 


Ha:Na  LASER  (X  =  0.63*mi) 


(*)  where  Cact(ia|  it  taken  (±10%)  as 
Cla*er  “«ln<l/Tx)|/axL  %  |ta(l/Tx)  KD^/SL 


Figure  7.  Typical  Sampling  Efficiencies  for  DOP  Test  Aerosols.  The  solid  curve  labeled 
“Aspirated  Sampler  No.  1  ”  represents  filter  holders  without  inlet  tubes,  and  the 
dashed  curve  labeled  “Aspirated  Sampler  No.  2”  represents  filter  holders  with 
inlet  tubes.  The  figure  also  illustrates  the  methodology  of  the  measurements,  as 
described  in  the  text. 
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(he  error  of  the  Mie  calculations  which  was  found  to  be  as  good  as  ±10%  in  this  application.  The 
equivalent  mass  concentration  collected  by  the  aspirated  sampler,  Csamp|e(j.  is  determined  by 
weighing  the  filter  paper  in  a  filter  holder  before  and  after  an  aerosol  trial  and  is  reproducible  to 
within  about  ±10%.  The  percent  efficiency  of  the  sampler,  e,  is  then  100  X  (C  mnpfcj  /C  actual  X 
When  the  test  aerosol  particle  diameter  is  only  a  few  micrometers  or  less,  the  aspirated  sampler 
efficiency  approaches  100%  and  these  samplers  can  be  used  directly  to  confirm  laser  measurements 
of  aerosol  mass  concentration  as  was  reported  previously  for  smoke  aerosols.8 

V.  CONCLUSIONS. 

The  discussion  in  this  paper  has  been  limited  to  the  determination  of  aspirated 
aerosol  sampling  efficiencies  using  laser  reference  techniques.  These  techniques,  of  course,  are 
not  limited  to  sampler  efficiency  measurements  but  can  be  used  wherever  it  is  desirable  to  con¬ 
tinuously  monitor  the  mass  concentration  of  a  test  aerosol  of  spherical  droplets;  e.g.,  in  studies  of 
the  human  respiratory  system.  By  using  a  He:Ne  laser  in  the  visible  wavelengths  (X  *  0.63  pm), 
aerosol  measurements  are  made  in  the  geometric  scattering  regime  (Dp  »  X)  using  materials  for 
which  many  simplifications  and  precise  approximations  are  possible  from  the  Mie  theory.  The 
method  is  fast  and  accurate,  and  it  eliminates  the  need  for  precalibration  of  “standard”  samplers 
against  which  candidate  samplers  must  be  compared. 
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DEVELOPMENTAL  SUPPORT  DIVISION 

Attn:  DRDAR-CLJ-R 

3 

HQDA  (DA MI-FIT) 

1 

Attn:  DRDAR-CU-L 

3 

WASH.  DC  20310 

Attn:  DRDAR-CLJ-M 

1 

Commander 

ENVIRONMENTAL  TECHNOLOGY  DIVISION 

HQ  US  Army  Medical  Command,  Europe 

Attn:  DRDAR-CLT-D 

3 

Attn:  AEMPM 

1 

APO  New  York  09403 

MUNITIONS  DIVISION 

Attn:  DRDAR-CLN 

S 

US  ARMY  HEALTH  SERVICE  COMMAND 

PHYSICAL  PROTECTION  DIVISION 

Superintendent 

Attn:  DRDAR-CLW-C 

1 

Academy  of  Health  Sciences 

Attn:  DRDAR-CLW-P 

1 

US  Army 

Attn:  HSA-CDC 

1 

RESEARCH  DIVISION 

Attn:  HSA-IHE 

l 

Attn:  DRDAR-CLB 

1 

Fort  San  Houston,  TX  78234 

Attn:  DRDAR-CLB-B 

1 

Attn:  DRDAR-CLB-C 

1 

US  ARMY  MATERIEL  DEVELOPMENT  AND 

Attn:  DRDAR-CLB-P 

1 

READINESS  COMMAND 

Attn:  DRDAR-CLB-R 

I 

Attn:  DRDAR-CLB-T 

1 

Commander 

Attn:  DRDAR-CLB-TE 

1 

US  Army  Materiel  Development  and  Readiness  Command 

Attn:  DRCLDC 

1 

SYSTEMS  DEVELOPMENT  DIVISION 

Attn:  DRCSF-P 

1 

Attn:  DRDAR-CLY-A 

1 

5001  Eisenhower  Ave 

Attn:  DRDAR-CLY-R 

6 

Alexandria,  VA  22333 

DEPARTMENT  OF  DEFENSE 

Commander 

US  Army  Toxic  A  Hazardous  Materials  Agency 

Defense  Technical  Information  Center 

Attn:  DRXTH-TS 

2 

Attn:  DTIC-DDA-2 

12 

Aberdeen  Proving  Ground,  MD  21010 

Cameron  Station,  Bldg.  5 

Alexandria,  VA  22314 

Human  Engineering  Laboratory  HFE  Detachment 

Attn:  DRXHE-APG 

1 

Director 

Budding  520 

Defense  Intelligence  Agency 

Aberdeen  Proving  Ground,  MD  21005 

Atm:  DB-4G1 

1 

Washington,  DC  20301 

Commander 

US  Army  Foreign  Science  A  Technology  Center 

DEPARTMENT  OF  THE  ARMY 

Attn:  DRXST-MT3 

1 

220  Seventh  St.,  NE 

HQDA  (DAMO-SSO 

I 

Charlottesville,  VA  22901 

WASH  DC  20310 

DISTRIBUTION  LIST  3  (ConUJ) 


Names  Copies 

Names 

Copies 

US  Army  Materiel  Sy ttenu  Analysis  Activity 

Commander 

Attn:  DRXSY-MP 

1 

Rocky  Mountain  Arsenal 

Attn:  DRXSY-T  (Mr.  Haste) 

1 

Attn:  SARRM-QA 

1 

Aberdeen  Proving  Ground,  MD  21005 

Attn:  SARRM-MD 

1 

Commerce  City,  CO  80022 

Commander 

US  Army  Missile  Research  and  Development  Command 

Commander 

Redstone  Scientific  Information  Center 

Pine  Bluff  Arsenal 

Attn:  DRDM1-TBD 

1 

Attn:  SARFB-ETA 

1 

Redstone  Arsenal,  AL  35809 

Pine  Bluff,  AR  71611 

Director 

US  ARMY  TRAINING  A  DOCTRINE  COMMAND 

DARCOM  Field  Safety  Activity 

Attn:  DRXOS-C 

1 

Commandant 

Charlestown.  IN  47111 

US  Army  Infantry  School 

Attn:  NBC  Division 

1 

US  ARMY  ARMAMENT  RESEARCH  AND 

Fort  Bemdng,  GA  31905 

DEVELOPMENT  COMMAND 

Commandant 

Commander 

US  Army  Missile  A  Munitions  Center  A  School 

US  Army  Armament  Research  and  Development  Command 

Attn:  ATSK-CD-MD 

1 

Attn:  DRDAR-LCE-M 

1 

Attn:  ATSK-DT-MU-EOD 

1 

Attn:  DRDAR-LCH 

1 

Redstone  Arsenal,  AL  35809 

Attn:  DRDAR-LCU 

1 

Attn:  DRDAR-SER 

1 

Commandant 

Attn:  DRDAR-TSS 

2 

US  Army  MBitary  Police  School /Training  Center 

Dover,  NJ  07801 

Attn:  ATZN-CDM 

1 

Attn:  ATZN-TDP-C 

1 

Armaments  Concepts  Office,  Weapon  Systems  Concepts  Team 

Fort  McClellan,  AL  36205 

Attn:  DRDAR-ACW 

1 

Aberdeen  Proving  Ground,  MD  21010 

Commander 

US  Army  Infantry  Center 

Director 

Attn:  ATSH-CD-MS-C 

1 

Ballistic  Research  Laboratory 

FOR  Berming,  GA  31905 

Attn:  DRDAR-TSB-S 

1 

Building  305 

Commandant 

Aberdeen  Proving  Ground,  MD  21005 

US  Army  Ordnance  A  Chemical  Center  A  School 

Attn:  ATSL-CLCD 

1 

CDR,  APG 

Aberdeen  Proving  Ground,  MD  21005 

USA  ARRADCOM 

Attn:  DRDAR-GCL 

1 

Commander 

Aberdeen  Proving  Ground,  MD  21010 

USA  Training  A  Doctrine  Command 

Attn:  ATCD-Z 

1 

US  ARMY  ARMAMENT  MATERIEL  READINESS  COMMAND 

Fort  Monroe,  VA  23651 

Commander 

Commander 

US  Army  Armament  Materiel  Readiness  Command 

USA  Combined  Arms  Combat  Development  Activity 

Attn:  DRSAR-ASN 

1 

Attn:  ATZLCA-CO 

1 

Attn:  DRSARLE 

1 

For  Leavenworth,  KS  66027 

Attn:  DRSAR-SF 

1 

Rock  Island,  IL  61299 

US  ARMY  TEST  A  EVALUATION  COMMAND 

CDR,  APG 

Commander 

USA  ARRCOM 

US  Army  Test  A  Evaluation  Command 

Attn:  SARTE 

1 

Attn:  DRSTE-FA 

I 

Aberdeen  Proving  Ground,  MD  21010 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Dugway  Proving  Ground 

Attn:  Technical  Library,  Docu  Sect  i 

Dugway,  UT  84022 
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DISTRIBUTION  LIST  3  (Contd) 


Name*  Copias 

DEPARTMENT  OF  THE  NAVY 
Chief  of  Naval  Re  Much 

Attn:  Code  443  i 

800  N.  Quincy  Street 
Arlington,  VA  22217 

Commander 

Naval  Ex  plod ve  Ordnance  Disposal  Facility 

Attn:  Army  Chemical  Officer,  Code  604  1 

Indianhead,  MD  20640 

Commander 

Naval  Surface  Weapon!  Center 
White  Oak  Laboratory 

Attn:  Tech  Lib  A  Info  Svca  Br  1 

Silver  Spring,  MD  20910 

Commander 

Nuclear  Weapons  Training  Group,  Atlantic 
Naval  Air  Station 

Attn:  Code  21  1 

Norfolk.  VA  23311 

Chief,  Bureau  of  Medicine  A  Surgery  1 

Department  of  the  Navy 
Washington.  DC  20372 

Commander 

Naval  Weapons  Center 

Attn:  A.  B.  Galloway/Code  3171  I 

Attn:  Technical  Library /Code  233  1 

China  Lake,  CA  93333 

US  MARINE  CORPS 

Director,  Development  Center 

Marine  Corps  Development  A  Education  Command 

Attn:  Fire  Power  Division  1 

Quantico,  VA  22134 

DEPARTMENT  OF  THE  AIR  FORCE 

HQ  Foreign  Technology  Diviaion  (AFSC) 

Attn:  PDRR  1 

Wright-Patteraon  AFB,  OH  45433 

Commander 

Aeronautical  Systems  Division 

Attn:  ASD/AELD  1 

Wright-Patterson  AFB,  OH  43433 

AMRL/HE 

Attn:  Dr.  C.R.  Repio#e  1 

Wright-Patterson  AFB,  OH  43433 


Names  Copies 

AFSC/SDAE  I 

Andrews  AFB,  MD  20334 

HQ,  AF1SC/SEV  ' 

Norton  AFB,  CA  92409 

NORAD  Combat  Operations  Center/DBN  1 

Cheyenne  Mtn  Complex,  CO  80914 

OUTSIDE  AGENCIES 

BatteUe,  Columbus  Laboratories 

Attn:  TACTEC  1 

505  King  Avenue 
Columbus,  OH  43201 

Director  of  Toxicology  1 

National  Research  Council 
2101  Constitution  Ave,  NW 
Washington,  DC  20418 

Director 

Central  Intelligence  Agency 

Attn:  ORD/DD/SAT  ■ 

Washington,  DC  20503 

ADDITIONAL  ADDRESSEES 


Commander 

USEUCOM 

Attn:  ECI5-0/LTC  James  H.  Alley  I 

APO.NY  09128 

Commander 

US  Army  Environmental  Hygiene  Agency 

Attn:  Librarian,  Bldg  2100  1 

Aberdeen  Proving  Ground,  MD  21010 

Commander 
DARGOM,  STTTEUR 

Attn:  DRXST-ST1  1 

Box  48.  APO  New  York  09710 

Commander 

US  Army  Science  A  Technology  Center-Far  East  Office  1 

APO  San  Francisco  96328 

HQDA  DASG-RDZ  (9GRD-PL)  1 

WASH  DC  20314 


HQDA  (SGRD-AJ/Mrs.  Madigan)  1 

Fort  Detrick 
Frederick,  MD  21701 

Director 

Equipment  Development  Center  1 

Forest  Service  USDA 
Fort  Missoula 


HQ.  USAF/SGES 
BoBing  AFB.  DC  20332 


1 


Mimoula,  MT  59801 


